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This invention relates, in general, to radar apparatus, 
and more particularly to simultaneous antenna radiation 
lobe comparison and its applications to radar tech- 
-niques.-- - - = 

Тһе standard radar technique for measuring the bear- 
ing of a target may be described as the method of se- 
quential lobing. In this method, a signal is transmitted 
and the echo received on a beam pointed to one side 
of the target. Тһе intensity or amplitude of the echo 
is then compared with the equivalent value of the echo 
received on a beam pointed to the other side of the target. 
The difference between these two measurements affords 
an indication of the deviation of the target from a line 
that is centered between the two beams. There are cer- 
tain difficulties inherent in this method which result from 
the fact that echo strengths of successive echoes are 
being compared. 

Generally speaking, however, in the method of simul- 
taneous lobe comparison, two antennas are connected 
together so that the output from one is delayed slightly 
in phase with respect to that of the other. Тһе resultant 
signal has a directional pattern when the two antennas 
are rotated, which pattern is shifted from the axis of 
symmetry of the two antennas. If the phase shift is now 
associated with the other of the two antennas, a similar 
pattern is obtained except that it is shifted in the oppo- 
site direction to the first pattern mentioned. Тһе dif- 
ference between these two patterns produces an indica- 
tion which is positive on one side of the axis of sym- 
metry and negative on the other side, or the indications 
may be interpreted as meaning right and left as com- 
pared to the angular origin. 

It is therefore an object of this invention to provide 
apparatus for receiving and comparing radar signals by 
the simultaneous lobe comparison method. 

It is another object of the present invention to provide 
an antenna and waveguide system for use in simultaneous 
lobe comparison of radar signals. 

Jt is a further object of this invention to provide a 
novel method of direction and range finding making use 
of radiant energy. 

Although the novel features which are believed to be 
characteristic of this invention will be particularly pointed 
out in the claims appended hereto, the invention itself, 
as to its objects and advantages, the mode of its oper- 
ation and the manner of its organization may be better 
understood by referring to the following description taken 
in connection with the accompanying drawings forming 
a part thereof, in which: 

FIG. 1 is а schematic view showing the geometrical 
relationship between the antennas and the signal; 

FIG. 2 is a diagram of certain geometrical relation- 
ships; 

FIG. 3 is a vector diagram of certain phase relation- 
ships; 

FIG. 4 is a vector diagram showing certain other phase 
relationships; 

FIG. 5 is a schematic view showing certain geometri- 
cal relationships between antennae and signal; 

FIG. 6 is a diagram showing certain other geometri- 
cal relationships; : 
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FIG. 7 is a perspective view of a waveguide structure 
forming part of the present invention; 

FIG. 8 is a schematic view of waveguides and other 
apparatus arrangement, according to the invention; 

FIG. 9 is а schematic view of another waveguide ar- 
rangement; 

FIG. 10 is a block diagram of a first circuit accord- 
ing to the invention; 

FIG. 11 is a block diagram of a second circuit in 
accordance with the present invention; 

FIG. 12 is a block diagram of a third circuit in ac- 
cordance with the invention; 

FIG.-13 is a block diagram of a fourth circuit ій ac- 
cordance with the invention; 

FIG. 14 is а block diagram of a fifth circuit in accord- 
ance with the invention; 

FIG. 15 is a graphical showing of certain relationships; 

FIG. 16 is a graphical showing of certain other rela- 
tionships in the present invention; 

FIG. 17 is a schematic view of a circuit used in the 
present invention; 

FIG. 18 is a three-dimensional view of certain conical 
surfaces that define the space outside of which the target 
corrections are correct; and; 

FIG. 19 is a three-dimensional schemauc view show- 
ing an arrangement in space in which two horns will 
Bive correct error indications of usable magnitude. 

In order to understand the operation of the apparatus 
and method of the present invention, it is well, first of all, 
to review the theoretical aspects of simultaneous lobe 
comparison. 

Briefly, the method of the present invention, which is 
generally referred to as simultaneous lobe comparison, 
involves the measurement of the phase difference be- 
tween the outputs resulting from two different radar 
beams or lobes in response to a single echo from a tar- 
get. This echo is received simultaneously on the two 
radar beams. 

The basic aspects of simultaneous lobe comparison 
are best illustrated by means of the two horn receivers 
1 and 2 shown in FIG. 1. Here it will be noted that 
the faces of the two horns 1 and 2 lie in the X, Y 
plane, the Z-axis is normal to the horn faces, and the 
origin is situated midway between the two horns. The 
target which gives rise to the echo is located at the 
point P which is so far away that the reflected signal 
may be considered as a plane wave when it arrives at 
the horn. 

It is well known that the response of an array of iden- 
tical horns is the same as the response of one horn multi- 
plied by that of an array of point receivers which are 
located at the centers of the various horns considered. 
Thus, in determining the response or pattern of the two 
horns shown in FIG. 1, it is only necessary to consider 
the pattern of two point receivers located at the cen- 
ters of these two horns. 

In FIG. 2, the receivers 5, and 5, represent point re- 
ceivers. In the two-dimensional case in which the 
target P lies in the X, Z plane, the signal received at 
Sı has traveled a distance d sin 0 more than the signal 
received at Sa, where d is the distance between point re- 
ceivers 5; and 52. This corresponds to an angular phase 
of (2та/Х) sin 0, where А is, of course, the wave length 
of the signal. Obviously, if it were possible to measure 
the phase difference of the outputs of S, and S5, there 
could be obtained direct measurement of the angle be- 
tween the Z-axis and the target. Since the expression 
for the angular phase difference (2та/Х) sin 6 will occur 
repeatedly, it is convenient hereafter to designate it by a. 

The practical methods of shifting the major lobe of a 
radiation pattern will now be considered. Suppose that 
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an echo which returns from a distant target, such as P, 
impinges оп the two horns of FIG. 1. Тһе outputs of 
horns 1 and 2 are R(e)E, and В(6) Ез, respectively, 
where E, and Es are the responses of the point receivers 
S, and 5, located at the centers of the horns, and В(0) 
denotes the magnitude of the pattern of one of the horns. 
If equal lengths of waveguide are connected to each horn 
and if the outputs of two associated crystal detectors 
are connected in parallel, the output voltage can be com- 
puted from the vector diagram of FIG. 3. 

Тһе pattern of the two horns under these circum- 


stances is: 
VYA(E,--E;)R(0)—R(60) cos «/2 (1) 


ТЕ, however, the signal received by horn 2 is delayed 
by B radians before it is added to the signal received by 
horn 1, the resulting pattern is given by: 


YAR(0) (Е-Е 78) —R(6) cos 5 (а—8) (2) 


The vector voltages represented in this analysis are 
shown plotted in FIG. 4. If the phase delay В had been 
inserted in the output of S, instead of S», the effect would 
be to change the sign of 8 in the above equation and 
to shift the lobe to the left. Thus, by a suitable choice 
of the value and location of B, it is possible to shift the 
major lobe to the left or to the right of its normal 
direction by a specified amount. 

In considering methods of obtaining simultaneously 
two shifted lobe patterns, it is found that, in the case 
of the two borns shown in FIG. 1, shifted lobe patterns 
can be obtained simultaneously by means of a certain cir- 
cuit, shown in FIG. 6. For instance, the outputs of the 
two horns are connected through a low pass filter with 
small attenuation and a phase delay of 8-Е2пт radians. 
The outputs Eg and Ej, i.e., the output voltages Eg and 
Бү, correspond to the right and left lobe patterns, are 
given by: 


Eg-R(0)(E,--FE,/8)/2—R(0) cos %2(a—8) (3) 
Ey—R(0)(Es--E,Z8)/2—R(680) cos ¥2(a+8) (4) 


The voltages Е; and Ез are the output voltages of the 
point receivers $; nad $2, respectively. Тһе pattern as- 
sociated with Ер is shifted to the right, while the pat- 
tern associated with Ej, is shifted to the left an equal 
amount, 

If the low pass filter is replaced by a high pass filter 
whose phase shift is —g radians, the only effect is the 
reversal of the direction of the lobes. In writing the 
phase delay as 8--2пт, the term 2пт is inserted for gen- 
erality. If the phase difference 8 is obtained, for exam- 
ple, by means of an additional piece of waveguide, the 
length of 1" x 1%” standard waveguide corresponding 
to the phase delay of 7/2 is in the neighborhood of one 
centimeter. In some applications this length may be too 
small to be practical, and so it is necessary to add an 
additional length corresponding to the term 2r. 

Тһе voltages Ер and Бү, are amplified equally and each 
is passed through a rectifier which, it is assumed, gives 
peak voltages. 'The output direct current voltages are 


Р and Р», respectively, and are given by (see Equations 
3 and 4): | 


P,=R(0)|cos Lë («—8)]| (5) 
P3 R(6)|cos 15 («--В)| (6) 
The absolute values result from the action of the peak 
rectifiers. It is well to observe that R(@) denotes the 
magnitude of the pattern of one of the horns, and, is, 
therefore, a real positive number. 
It is not possible to give a simple expression for the 
difference voltage Рі--Рә because of the absolute value 
signs. However, for a range of values of 


Os|a|-:180* —8 
both cosines are positive, and, therefore 


P,—P4—2R(60) sin (а/2) sin 8/2 (7) 
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For angles in the range 180?—8-5|o|-:180^ +2, one has 
(8) 


The plus or minus sign is used when 6 is positive or 
negative, respectively. А graphical representation of the: 
difference voltage P,—Ps versus the angle а is known: 
as a simultaneous lobe comparison response curve. А 
graphical representation of this relationship is shown in 
FIG. 16. Sorne of these simultaneous lobe comparison 
response curves show very nice characteristics. Jt is to 
be observed that the output voltage is very nearly a linear 
function of the target angle over a wide range. 

Another matter that should be considered is that of 
introducing the phase comparison in intermediate fre- 
quency channels as an alternative to introducing it at 
the horns as shown in FIG. 6. Let us suppose that the 
signals E, and Ез аге heterodyned to an intermediate 
frequency before the phase shifts, В, are introduced. Іп 
the following discussion the phases of the signals received 
at the points S, and $ are referred to the midpoint О. 
Then, the outputs of the two horns 1 and 2 may be ex- 
pressed by: 


Р,--Рь--:-2Е(0) cos (=) сов 5 


Fi=R(6) sin C (9) 


E,—R(0) sin C) (10) 


Where ws is the angular frequency of the echo and 


«= E5 sin 0 


Suppose that these signals are each heterodyned against 
the same local oscillator whose output is Ео(--8), 
where (оо — 5) ==, the intermediate angular frequency. 
Тһе two heterodyne signals are 


h®,=R (0) Eo cos (гене) (11) 


AR, (0) Eo cos (ы-а-Ф : (12) 


If w; is small enough so that it can be treated with lumped- 
constant networks, the heterodyne voltages can be applied 
to a circuit of the type shown in FIG. 17. Тһе two out- 
put voltages Eg and Ej, again correspond to shifted lobe 
patterns. Then, it can be seen that 


Eg=⁄R (0) Ea cos С) + сов c -$-8) 
(13) 
ER (0o cos (ол) eos (ot+0—$)| 


(14) 


The factor % is introduced since it is assumed that 
the voltages are connected in parallel. 
By using the relationship 


cos 24 + cos 2В--2 cos (А--В)-сов (А--В) 
the following equations are obtained: 
Bas R(0) Es сов (a--8)/2 cos («it4d-5— 8/2) 
(18) 
Ет=В (0) Еу cos (a —8)/2 cos C) (16) 
ТЕ these signals are. passed through peak rectifiers and 
the difference of the outputs is formed, the result is: 
Р,—Р»= IE |peax — [Е реак = 
В (60) Ballo (а--8)/2|--|сов («—8)/2]] (17) 


When this result is compared with Equations 5 and 6, 
it can be seen, then, that the introduction of a local oscil- 
lator reverses the sign of the error, ie., it interchanges 
the direction of the lobes. А careful examination of the 


Р,— 
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formulae shows that this result is a consequence of the 
assumption that the local oscillator has a higher. fre- 
quency than the echo. [If the local oscillator has a lower 
frequency, the difference voltage has the same sign as 
when the phase difference is introduced at the horns, i.e., 
as given in Equations 5 and 6. 

Summarizing the aforegoing briefly, the basic aim of 
the invention is to compare the phases of the outputs of 
two horns for a common echo. Іп order to do this the 
two signals from the horns are combined in a phase-shift 
network and the two outputs are compared in amplitude. 
Thus, a measurement of phase difference is converted to 
a measurement of amplitude difference. It is seen in- 
tuitively that errors in amplitude prior to mixing will not 
be nearly as serious as errors in phase. On the other 


. hand, after the signals are mixed there сап be no error 


due to phase, whereas errors in amplitude become serious. 

Suppose that the gain of one of the horns varies or 
that, in the case of the heterodyning circuit, the gain of 
one of the mixing tubes varies so that the signals which 
are mixed in the phase shifting network have unequal 
amplitudes. In this case it is necessary to apply the 
cosine law to the vectors shown in FIG. 3. 

Suppose that the gain in horn 2 and the losses in the 
wave guide associated with horn 1 contribute to increase 
the relative gain in channel No. 2 by a factor of g>1. 
Then the output voltage P;—P, corresponding to Equa- 
tion 7 becomes: 


Ps 1-02-20 cos (а-8))4 

—[1+9+29 cos («-Е8)]# (18) 
The introduction of the gain factor does not affect 
the location of the zero values of P;—P,. This can easily 
be shown by setting P,—P5—0 For the particular case 
of В=т/2 the position of the maxima and minima of 
Р,—Р» are independent of е. The effect of introducing 
the variation in gain changes the shape of the simulta- 
neous lobe comparison response curve. 

In general it can be said that any change which in- 
creases the gain of either horn or reduces the attenua- 
tion in either circuit prior to the phase shifting produces 
an overall improvement in the peak simultaneous lobe 
comparison response. 

А second source of amplitude variations is in the phase 
shifting network. ТЕ the signals have equal gain before 
they are mixed, a loss factor «<1 in the phase shifting 
network produces a response curve which is given by 
Equation 18 if g is replaced by a. "Thus, the general re- 
marks made above are applicable in this case. 

ТЕ, however, there is а variation in the gain prior to 
the mixing and also an attenuation in the phase shifting 
network, there will be, in general, a shift of the zero loca- 
tion. Suppose that one of the channels has a relative 
gain of 2>1 more than the other, while the phase-shift 
network introduces a loss factor «<1. Then the output 
voltage (P,—Ps/E is zero when 


Ei 


sin a= (g?-IL-a? —a2g?—1) /4ag (19) 


The plus or minus sign occurs according to which chan- 
nel has the greater gain. ТЕ the variations are small so 
that one may write в--1--е, (1>>е>0) and «—1—3, 
(1 7420), then Equation 19 becomes: 


Sin ac (e—7)/4 (20) 


An inspection of Equation 19 shows that Equation 20 is 
not valid if either but not both е and a are zero. Аза 
rule it is easy to insure that a is near unity so that this 
is not a source of error. 

In most applications it is necessary to amplify the 
signals that are being measured. It is easier to amplify 
the signal before rather than after the rectification. This 
means that the voltages Eg and Ej; must be amplified 
separately. If they are not amplified an equal amount, 
an error in the direction of the target will result. 
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If one of the voltages Ер ог E; is amplified by а 
factor Е>1 more than the other, there is no attenuation 
in the phase shifting network, and if В--т/2, then the 
equipment will give a zero indication (e, Р1--Рә--0) 
when 


(1—#2) (1—0) 
(14) 2g 
Тһе plus or minus sign is used accordingly as it is Eg 
ог E, that enjoys the greater gain. This expression is 
valid for g and k greater or less than unity. 

Jf the signals E, and Ез have unequal phase shifts 
prior to the phase mixing, an error in the direction of 
zero indication will result. И can be seen that if one 
channel has a pbase delay greater than the other of the 
amount à, this corresponds to an error, Аё, in the direc- 
tion of the zero indication of amount: 


Sin аст: (31) 


чај. 

A8-— +5 5-1 

The plus or minus sign corresponds to errors in the dif- 

ferent channels. Thus, the larger the separation d/h, 

the less is the importance of this source of позе. The 

errors ó can be introduced by unequal lengths of wave 

guide between the horn and the phase shifting network, 

or due to unequal phase shifts through the crystal if the 
signals are heterodyned before mixing. 

It is instructive to consider the magnitude of the errors, 
ДӨ, in target direction due to unequal lengths of wave 
guide connecting the horn with the phase delay network. 
In a standard 9” x 1” X-band wave guide a wave length 
of 3.2 cm. in air corresponds to a wave length of 4.48 
cm. in the guide. An error in length of amount ô cm. 
corresponds to an error, à, in the phase of 2те/4.48 
radians. Thus, if d=), an error of 1.2 mm. in wave 
guide length corresponds to an error of % degree in the 
target direction. More generally 


Aë d sin! (де/4.48 d) (23) 


If the signal received by horn 2, FIG. 1, is given a 
phase delay В before it is combined with the output of 
horn 1, the resultant voltage represents a pattern whose 
major lobe is shifted to the right by an amount given by 


Omax~Sin—!(BrA/ 27rd) (24) 


This Equation 24 is obtained by assuming that the varia- 

tion of В(д) in the neighborhood of дра; is small. If 

the variation of В(9) is not small then in the usual 

case when В(0) has a negative derivative at бид. the 

true location of дра; is less than that indicated by Equa- ` 
tion 24. 

Similarly, if a phase delay gi is introduced in the out- 
put of horn 1, a major lobe shifted to the left will be 
obtained. When В and $' are the same, as has been 
assumed above, the two lobes are mirror images so 
that for echoes from targets that are straight ahead the 
outputs Ер, and Eg are equal and the indication voitage 
P,—P, is zero. On the other hand if 64g’, the lobes 
are not mirror images and there will be an unbalance 
on echoes from targets that are straight ahead. Since 
this source of error appears to be easily avoided, a quanti- 
tative discussion is not given. 

One other matter that should be considered is that of 
response in three dimensions, since in the probiem of 
guided missiles the target will not be confined to the 
X, Z plane. Therefore, it is necessary to reconsider the 
formulae that have been developed above. 

Referring to FIG. 5, suppose that the target is at a 
point P(X,Y,Z), whose distance from the origin is R. 
Let «(I-—cos «), 8(т=соѕ В), and у(л=соѕ у). be the 
angles between OP and the coordinate axes X, Y, Z, as 
shown in the drawing. For an echo returning from P, 
the phase difference between the signals received at horn 
1 and horn 2 is 2r (d/A) cos a, whereas the pattern mag- 
nitude R(0) becomes R(4). 


(22) 
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In the simultaneous lobe comparison patterns in two 
dimensions, the indication of the target direction is cor- 
rect between two angles, say --0 and +6, but for an 
angular zone beyond these values the indication is false. 
In the case of three dimensions, these angles define cones, 
and the region of true indication is the space outside the 
two cones, such as illustrated in FIG. 18. Тһе region 
of negative Z is, of course, of little practical interest. 
Consequently, the cones are not shown in this region. 

И the two horns 1 and 2 have identical patterns, the 
angles --0 and +0) depend only on the distance be- 
tween the centers of the horns and not on the patterns 
of the individual horns. It might be mentioned that out- 
side of the angular zone —9% and +6, there are alter- 
nating zones of true and false indications. Іп a well 
arranged system, these secondary indications will give 
peak responses that are sufficiently small to be neglected. 

It is necessary that the indication be of large enough 
amplitude to operate the equipment. Thus, target posi- 
tions inside the main beam of the horn pattern and out- 
side the cones illustrated in FIG. 18 and described above 
can be successfully measured. This space is indicated 
in FIG. 19. Тһе choice of the main beam and of the 
horn separation should be made in such a way that the 
shaded area of FIG. 19 should be nearly square and 
sufficient to cover the angles of interest. 

Of course, if the target is not confined to the X, Z 
plane, then a measurement with one pair of horns along 
the X-axis will not suffice to determine its direction. А 
Second pair of horns is needed along the Y-axis. 

It can be seen from FIG. 5 that the simultaneous lobe 
comparison measurement with the horns on the X-axis 
gives a measure of the direction cosine /, while the horns 
on the Y-axis furnish а measure of m. Тһе third direc- 
tion cosine, n, is determined from the relation n=(i— 
Ф2—т?)*. The positive sign is chosen since only targets 
for which 2>0 are of interest. 

In a typical case, there will be а pair of rudders in 
the X, Z plane as well as in the Y, Z plane. The direc- 
tion cosines can be converted to steering signals as will 
now be described. Тһе rudder in the Y, Z plane must 
turn the missile through an angle A given by (since 
X=RI, Y=Rm, Z=Ry, where В is the distance from the 
origin O to the point P, see FIG. 5) 

1 


Х 
tan A US 


(25) 


while the rudders in the X, Z plane must turn the missile 
through an angle B given by 

Y m 

tan B И, 

For targets that аге not too far from the Z-axis, n is 

very nearly a constant, A and B are nearly equal to their 


tangent so that the component angles through which the 
missile must be turned are given by 


A=Cl 
В=Ст 


where C is a constant of proportionality. 

Thus, if it is desired to mount the horns on a missile 
which is to be guided on a pursuit homing course, the 
problem of reducing the data is relatively simple. 

If the angles involved are not large, it is not difficult 
to introduce a correction so that the missile will be guided 
in such a manner that the target will have the same 
bearing relative to the axis of the missile as the point 
О, as shown in FIG. 5. Let А’, В” be the angle com- 
ponents of the point Q corresponding to the values A 
and B for point P. И is possible to introduce phase 
shifts àx, бу, in the circuits of the X-axis horns and the 
Ү-ахіз horns, respectively, corresponding to the angles 
А’ and B'. ТЕ the missile is not roll stabilized, дх and 
ày will be sinusoidal phases whose frequencies are equal 


(26) 


(27) 
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to the frequency of the missiles roll and whose ampli- 
tudes are equal but which are 90? out of phase. 

Referring now to FIG. 7, there is shown a wave guide 
structure in accordance with the present invention. The 
wave guide, indicated generally by reference numeral 
10, is shown as in the form of an Н. The common leg 
11 produces the difference in path length or phase be- 
This wave guide 10 
produces a phase shift of about 90?. 

Тре uprights 12 and 13 and the common leg 11 are 
of a unit length in width, i.e., the distance from the for- 
ward edge to the rear edge is one unit, while the dimen- 
sion transverse to this width is approximately one-half 
a unit. Furthermore, the longitudinal dimension of 
the common leg 11 (the dimension from upright 12 to 
upright 13) is two units in length. 

'The two antennas, not shown, preferably of the poly- 
styrene wedge type, are connected by suitable fittings to 
the open ends of the uprights at 14 and 15. Receivers 
are connected to the open ends 16 and 17 by other suit- 
able fittings. А signal received at the two antennas pro- 
ceeds, for example, directly from 14 to 16 and indirectly 
from 15 to 16 through the common leg 11; such that the 
additional length in the path from 15 to 16 produces 
the desired phase shift. 

There may be some alteration of the latter signal due 
to reflections at the corners and re-radiation from the 
antenna at 14. 'Тһеге also may be some alteration in 
the signal proceeding from 14 to 16 because of energy 
travelling down the common leg 11. Тһе output of 
16, therefore, contains a signal made up of some energy 
from 14 direcily, and some energy from 15, after under- 
going a phase lag. Likewise, the output at 17 is made 
up of some energy directly from 15 and from 14 with 
a similar phase lag. 

In FIG. 8, there is shown a modification of the wave 
guide structure illustrated in FIG. 7. Тһе main difference 
between the two is in the provision of a means for sym- 
metrically feeding power to the system when the com- 
parison is made at high frequency. This means includes 
section 18 of the wave guide, which is shown connected 
to the central portion of the common leg 11, and which 
feeds power therein from a transmitter 18A. 

In FIG. 9, there is shown still a further modification of 
the wave guide structure. А means is provided for ad- 
justing or changing the phases of the two input signals 
prior to comparison. Ап open ended stub 19 is con- 
nected at a right angle to the upright 12 just below the 
antenna, and a similar stub 20 is also so connected just 
below the stub 19, the upright 12 being modified to pro- 
vide the proper transition structure into these stubs. Тһе 
upright 13 is provided with similar stubs 21 and 22. A 
unitary cap member 23 is connected to slide over the 
ope nends of the stubs, and to provide for suitably con- 
necting the open end of stub 19 to the open end of stub 
26 and the open end of stub 21 to the open end of stub 22. 
'The cap fits slidably over the stubs, and, by selecting the 
proper position of the cap, the path which the signal must 
take in proceeding down the uprights may be lengthened 
іп one case and shortened in the other. Тһе sizes of the 
components must be selected in accordance with good 
micro-wave techniques so that the desired amplitude re- 
lationship between the signals is not upset. 

А circuit indicated generally by reference numeral 24, 
which is within the philosophy of the invention, is shown 
in FIG. 10, in which the signal comparison takes place 
at the antennas and at the original signal frequency. 
This circuit makes use of à modulating scheme to avoid 
two separate intermediate frequencies and local oscil- 
lators. 'The signals from both antennas, say 3000 mc., 
are heterodyned by a signal of, say 3030 mc. In addition, 
one signal is modulated by an audio signal of, say, 3300 
cps. and the other signal by an audio signal of, say, 1000 
cps. Тһе resulting modulated signals are combined and 
amplified together in the IF amplifier, then detected and 
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separated into signals corresponding to their correspond- 
ing modulation frequency (1000 and 3300 cps.) by pass- 
ing through band pass filters, detected by detectors, and 
then passed into a differencer which indicates the direc- 
tional signal property desired. Tt is the function of the 
differencer to compare the amplitudes of the two signals 
after the phase comparison circuit, and, hence, to pro- 
duce a directional signal. 

А second circuit somewhat similar to that of FIG. 10 
is shown in FIG. 11. These circuits differ in that the 
modulation takes place at a slightly different position in 
the circuit. 

Another circuit within the concept of the invention is 
illustrated in FIG. 12 in which a separate intermediate 
frequency is used for each signal. Those intermediate fre- 


-quencies are fed through a common amplifying system, 


then separated, detected, and introduced into a differencer 
which indicates the desired directional information. 

А circuit in which the signals are compared after am- 
plification is illustrated in FIG. 13. Тһе upright wave 
guides to which the antennas are attached have no con- 
necting common leg, and the phase lag is introduced 
by means of a lag line after intermediate frequency am- 
plification. The lag line may be of the type illustrated in 
FIG. 17. Тһе signals are rectified and introduced into 
a differencer or indicator as before to give the directtional 
signal required. 

Та addition to the above, FIG. 14 shows a circuit in 
which the comparison takes place immediately after 
heterodyning, ie., the intelligence is transmitted by low 
frequencies instead of by radio frequencies. This ar- 
rangement makes it possible to use a single IF amplifier 
instead of two IF amplifiers, as shown in FIG. 13. For 
example, the signals are modulated at different audio fre- 
quencies, amplified in the same intermediate frequency 
amplifying system, then detected, separated, and fed into 
the differencer. 

'The directional patterns as measured at the points 16 
апа 17 of FIG. 7 are illustrated in FIG. 15. The inten- 
sities of the signals are plotted radially on polar coor- 
dinates, the angularity representing lines of sight at var- 
ious angles to the Z-axis. In obtaining these curves, the 
two outputs from a wave guide of the type shown in 
FIG. 7 were connected to the inputs of two receivers. in- 
corporated in each of these receivers is an automatic gain 
control circuit which is so adjusted that the output of the 
receiver is approximately proportioned to the logarithm 
of the input. Each receiver output is connected to a 
vacuum tube voltmeter included in the receiver and the 
vacuum tube voltmeter output is applied to a recording 
milliammeter. The shifted lobe pattern is then obtained 
as the record of the milliammeter when the antennas are 
rotated, as a function of receiver output versus angle. 

In order to obtain the difference pattern directly, it is 
desired to subtract the outputs of the two receivers from 
each other to obtain a curve of the type shown in FIG. 16. 
Of course, this method would give a proper difference 
pattern only if the two receivers are identical and if the 
outputs of the receivers are proportional in a linear man- 
ner to the inputs. Actually, as described above, the out- 
puts are proportional to the logarithms of the inputs, and 
indeed only approximately so with a different scale cali- 
bration of output versus input for each receiver. Hence, 
difference patterns obtained by subtracting the outputs of 
two receivers can only be taken as a qualitative measure of 
the simultaneous lobe comparison response of the system. 

An accurate difference pattern formed from a difference 
between two shifted lobe patterns may be obtained man- 
ually by taking into account the calibration of the two 
receivers, and this simultaneous lobe comparison response 
may be compared with the difference curve obtained on 
the recording meter. The actual means of obtaining the 
difference values was to modify the vacuum tube volt- 
meter in one of the receivers by a suitable connection to 
the other receiver so that the plot on the recording mil- 
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liammeter was а measure of the difference between the 
cutputs of the receivers. 

Тһе curves of FIGS. 15 and 16 were obtained using 
polystyrene horns separated by two wave lengths and, of 
course, connected to the wave guide structure of FIG. 7. 
Careful calibration data. were taken for the receivers at 
the time the shifted lobe patterns were taken. Тһе shifted 
lobe patterns were converted to linear measure by use 
of the calibrations and the differences taken between them. 
This is plotted as the simultaneous lobe comparison re- 
sponse in FIG. 16. Мое the difference between the two 
curves in FIG. 16, which is most pronounced at fairly large 
angles. At these angles the two shifted lobe patterns give 
small values of amplitude and the difference is also small. 
However, the ratio between the values remains about the 
same as it does near 0°, and hence, the difference curve, 
which is expressed in logarithmic units, has about the 
same amplitude at the large angular readings as at 0“. 
Тһе difference pattern shows proper behavior in the neigh- 
borhood of 0°; that is, the output is positive on the right 
side and negative on the left side in each case for some 
distance beyond 0°, and is, therefore, a measure of the 
direction of the source. 

As can be seen in FIG. 16, the simultaneous lobe com- 
parison response remains always positive on the right 
and always positive on the left up to 20? on either side of 
the origin. 'The difference also remains positive beyond 
that for the right side and negative on the left, although 
the magnitude is somewhat reduced. 

Та a general manner, while there has been, in the above 
rescription, disclosed what is deemed to be practical and 
efficient embodiments of the invention, it should be well 
understood that the invention is not limited to the exact 
structural arrangement and method disclosed, as there 
might be changes made in the structural arrangement, 
disposition and form of the parts and method without de- 
parting from the principles of the present invention as 
comprehended within the scope of the accompanying 
claims. 

What is claimed is: 

1. An apparatus for the simultaneous lobe comparison 
of a signal received from a remote point in space, com- 
prising, at least two spaced horns having their faces situ- 
ated in a common plane generally transverse to the di- 
rection of propagation of said signal, means for causing a 
delay in a portion of the signal received at each horn and 
for introducing the delays signal portion into the received 
signal on the other said horn, means for converting the 
resulting signals to intermediate frequencies, means for 
modulating each of said converted signals, means for 
amplifying said modulated signals, means for detecting 
said amplified signals, and means for comparing the am- 
plitudes of said detected signals. 

2. An apparatus for the simultaneous lobe comparison 
of a signal received from a remote point in space, com- 
prising, at least two spaced horns having their faces situ- 
ated in а common plane generally transverse to the 
direction of propagation of said signals, means for caus- 
ing a delay in a portion of the signal received at each 
horn and for introducing the delayed signal portion into 
the received signal on the other horn, means for convert- 
ing the resulting signals to intermediate frequencies, means 
for modulating each of said converted signals, means for 
amplifying said modulated signals, means for filtering 
said amplified signals, means for detecting said filtered 
signals, and means for comparing the amplitudes of the 
detected signals. 

3. An apparatus for the simultaneous lobe comparison 
of a signal received from a remote point in space, com- 
prising, two spaced horns the faces of which are situated 
in a common plane generally transverse to the direction 
of propagation of the signal, a waveguide arrangement 
for causing a delay in a portion of the signal received 
at each horn and for introducing the delayed signal por- 
tion into the received signal on the other horn, local 
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oscillators converting {һе resulting signals to intermedi- 
ate frequencies, the intermediate frequencies of the sepa- 
rate signals being different, an intermediate frequency 
amplifier into which the said signals are introduced for 
amplification, band pass filters for filtering said amplified 
signals, means for detecting said filtered signals, and a 
differencer for comparing the detected signals. 

4. An apparatus for the simultaneous lobe comparison 
of a signal received from a remote point in space, com- 
prising, two spaced horns the faces of which are situated 
їп a common plane generally transverse to the direction 
of propagation of said signal, a waveguide arrangement 
for introducing a time lag in the path of a portion of the 
signal received at each horn and introducing said signal 
portion into the main signal received on the other horn, 
a first local oscillator connected to said waveguide arrange- 
ment to change each resulting signal to an intermediate fre- 
quency, second and third local oscillators connected to 
said waveguide arrangement to modulate the converted 
intermediate resulting frequency signals at different audio 
frequencies, an intermedíate frequency amplifier in which 
both resulting signals are amplified, a detector for the 
amplified signals, band pass filters for each amplified sig- 


10 


15 


20 


nal, means for detecting said signals, and a differencer . 


for comparing the detected signals. 

5. Ап apparatus for the simultaneous lobe comparison 
of a signal received from a remote point in space, com- 
prising, two spaced horns the faces of which are situated 
in a common plane generally transverse to the direction of 
propagation of said signal, a waveguide arrangement for 
causing a time lag in a portion of the signal received at 
each horn and for introducing said portion into the main 
signal received on the other horn, local oscillators con- 
nected to said arrangement to produce with each of the 
signals an intermediate frequency signal, the intermediate 
frequencies thereof being different, means for amplifying 
the intermediate frequency signals, band pass filters for 
filtering the two intermediate frequencies, detectors for 
the filtered signals, and a differencer for comparing the 
detected signals. 

6. An apparatus for the simultaneous lobe comparison 
of a signal received from a remote point in space, com- 
prising, at least two spaced horns the faces of which 
are situated in a common plane generally transverse to 
the direction of propagation of said signal, a section of 
waveguide attached to each horn, a local oscillator con- 
nected to saide waveguides to produce an intermediate 
frequency signal with each of the signals carried therein, 
separate means for amplifying each of the intermediate 
frequencies, a lag line connected across the output circuits 
of the said separate means, means for rectifying each of the 
signals, and a differencer for comparing the rectified sig- 
nals. 

7. Ап apparatus for the simultaneous lobe comparison 
of a signal received from a remote point in space, com- 
prising, two spaced horns the faces of which are situated 
in a common plane generally transverse to the direction 
of propagation of said signal, a waveguide section at- 
tached to each horn, a first oscillator connected across the 
free ends of said waveguide sections to produce inter- 
mediate frequency signals, a lag line also connected there- 
across for introducing a phase delay in the signals from 
each horn, second and third oscillators connected to each 
of said waveguide sections to produce modulated signals 
with each of the signals received by the horns and trans- 
mitted by the waveguide sections, means for amplifying 
the intermediate frequency signals together, a detector 
for said amplified signals, a band pass filter for filtering 
each modulated signal, and a differencer for comparing 
the filtered signals. 

8. An arrangement for the simultaneous lobe com- 
parison of a signal received from a remote point in space, 
. comprising, two spaced horns having their faces situated 
in a common plane generally transverse to the direction 
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of propagation of said signal, means for causing a delay 
іп a portion of the signal received at each horn and for 
introducing the delayed signal portion into the main sig- 
nal received by the other horn, means for converting 
the resultant signals to intermediate frequencies, means 
for modulating each of said converted signals, means 
for amplifying each of the modulated signals, means for 
filtering the amplified signals, means for detecting the 
filtered signals, and means for comparing the amplitudes 
of the detected signals. 

9. An arrangement for the simultàneous lobe compari- 
son of a signal receiVed from a remote point in space, 
comprising, two spaced horns having their faces situated 
in а common plane generally transverse to the direction 
of propagation of said signal, means for causing а delay 
in a portion of the signal feceived at each horn and for _ 
introducing the delayed signal portion into the main sig- 
nal on the other horn, means for converting the resultant 
signals to intermediate frequencies, means for modulat- 
ing each of said converted signals, means for amplifying 
each of said amplified signals, means for filtering the 
amplified signals, means for detecting the filtered signals, 
means for comparing the amplitudes of the detected sig- 
nals, and means for introducing power into the system. 

10. An apparatus for simultaneous lobe comparison 
of a signal received from a remote point in space, com- 
prising, a first and second horn each having its face situ- 
ated іп а common plane generally transverse to the direc- 
tion of propagation of said signal, means for causing a 
common phase shift in a portion of the signal received at 
each horn and for introducing each phase shifted signal 
portion into the main signal of the other horn, and means 
for introducing power into the system. 

11. A method for determining the bearing of a point 
with respect to a given set of axes by simultaneous lobe 
comparison, comprising, the steps of simultaneously re- 
ceiving a signal from said point at two spaced remote 
points, providing a direct path from each of said other 
Spaced points and.a common path between each of said 
direct paths to shift the phase of the received signals, 
combining each of the signals from said common path 
with the signals from the direct paths, and then compar- 
ing the amplitudes of the resulting combined signals to 
determine the phase difference therebetween and thus the 
bearing to said point with respect to said set of given 
axes. 

12. A method for determining the bearing of a point 
with respect to a given set of axes by simultaneous lobe 
comparison, comprising, the steps of simultaneously re- 
ceiving a signal from said point at two spaced remote 
points, providing a direct path from each of said spaced 
remote points and a common path between each of said 
direct paths to shift the phase of the received signals, 
combining one of the phase shifted signals with the other 
directly received signal of which it is not a part, com- 
bining the second of the phase shifted signals with the 
other directly received signal of which it is not a part, 
and then comparing the amplitudes of the resulting com- 
bined signals to determine the phase difference therebe- 
tween and thus the bearing to said point with respect to 
said given set of axes. 

13. A method for determining the bearing of a point 
with respect to a given set of axes by simultaneous lobe 
comparison, comprising, the steps of simultaneously re- 
ceiving a signal from said point at two spaced remote 
points, providing a direct path from each of said spaced 
remote points and a common path between each of said 
direct paths so that each signal in said common path will 
be shifted in phase with respect to the signal of which 
it is a part, combining each of the signals from said 
common path with the signals from the direct paths, 
and then comparing the amplitudes of the resulting com- 
bined signals to determine the phase difference therebe- 
tween and thus the bearing of said point with respect to 
said given set of axes. 


3,025,517 


13 

14. А method for determining the bearing of a point 
with respect to a given set of axes by simultaneous lobe 
comparison, comprising, the steps of simultaneously re- 
ceiving a common signal from said point at two spaced re- 
mote points, providing a common path so that a portion 
of each received signal is shifted in phase with respect to 
the signal of which it is a part, combining each of said 
phase shifted signal portions with the unshifted signal 
portions of which it is not a part, and then comparing 
the amplitudes of the resulting combined signals to deter- 
mine the phase difference therebetween and thus the bear- 
ing to said point with respect to said given set of axes. 

15. A method for determining the direction of an object 
with respect to a given set of axes by simultaneous lobe 
comparison, comprising, the steps of simultaneously re- 
ceiving a common signal from said object at two spaced 
antennas, providing а common path to shift a portion of 
the signal received at one antenna relatively in phase 
with respect to the signal received at the other said 
antenna, combining the first phase shifted signal portion 
of the first received signal with the second received sig- 
nal, utilizing said common path to shift a portion of the 
second of the received signals relatively in phase with 
the first of said received signals, combining the second 
phase shifted signal portion of said second received signal 
with the first of said received signals, and then comparing 
the amplitudes of the resulting combined signals to deter- 
mine the phase difference therebetween and thus the bear- 
ing of said object with respect to said given set of axes. 

16. A method for measuring the phase difference be- 
tween the combined output signals resulting from two dif- 
ferent beams or lobes developed by a single signal from a 
remotely located point, comprising, the steps of simultane- 
ously receiving said signal from said point at at least two 
spaced remote points, providing a common path to shift 
а portion of each received signal so that it will be out of 
phase with the signal of which it is a part, introducing 
each of said phase shifted signal portions to the other 
unshifted signal of which it is not a part, and then com- 
paring the amplitudes of the resulting combined signals, 
whereby the phase difference between the combined out- 
put signals can be determined. 

17. A method for measuring the phase difference be- 
tween the combined output signals resulting from two 
different beams or lobes developed by a single signal from 
à point, comprising, the steps of simultaneously receiving 
a соттоп signal from said point at two spaced points 
remote from said point, causing а common phase shift 
of a portion of each received signal so that it will be out 
of phase with the received signal of which it is a part, 
introducing each of said phase shifted signal portions to 
the other remaining unshifted signal portion, and then 
comparing the amplitudes of the resulting combined sig- 
nals, whereby the phase difference between the combined 
output signals can be determined. 

18. A method for measuring the phase difference be- 
tween the combined output signals resulting from two 
different beams or lobes developed by a single signal 
from an object, said object being separated from spaced 
receiving poiuts by a sufficient distance such that the 
Signal from said object is represented by a plane wave 
When it arrives at said spaced receiving points, comprising, 
the steps of simultaneously receiving the single signal 
from said object at said two spaced receiving points, 
providing a common path so that each received signal will 
be shifted in phase with respect to the received signal of 
which it is a part, introducing each phase shifted signal 
to tlie other received signal, and then comparing the am- 
plitudes of the resulting signals, whereby the phase dif- 
ference between the compared output signals can be 
determined. 

19. A method for obtaining the bearing of a source 
of signals by the simultaneous lobe comparison of said 
signals, comprising, simultaneously receiving signals 
from said source at two spaced points remote from said 
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source, providing a common path to shift the phase of 
each received signal with respect to the received signal of 
which it is a part, combining the first phase shifted 
signal with the second received signal wherein a first 
combined signal resulting from said first phase shifted 
signal and said second received signal is obtained which 
has а maximum value when said source of signals 15 lo- 
cated along a line at an angle to the axis of symmetry 
of said spaced points, combining said second phase 
shifted signal with said first received signal wherein a 
second combined signal, resulting from said second phase 
shifted signal and said first received signal, is also ob- 
tained and has a maximum value when said source of 
signals is at an angle equal to but on the opposite side 
of said axis of symmetry of said spaced points, compar- 
ing the amplitudes of said- combined resultant signals 
such that the phase difference between said combined 
resultant signals is zero when said source of signals is 
situated on said axis of symmetry of said spaced points, 
the phase difference output therebetween being positive 
when said source of signals is to the right of said axis 
and negative when said source of signals is to the left of 
said axis, whereby the bearing of said source of signals 
can be ascertained with respect to said axis. 

20. A simultaneous lobe comparison method for re- 
ceiving and comparing signals, comprising, the steps of 
simultaneously receiving a signal at two spaced points, 
providing a common path to cause a portion of each 
received signal to be shifted in phase with respect to the 
remaining portion of the signal of which it is a part, 
combining each of said phase shifted signal portions with 
the remaining portion of the other signal, and then com- 
paring the amplitudes of the resulting combined signals to 
determine the phase difference therebetween. 

21. А simultaneous lobe comparison method for re- 
ceiving and comparing signals, comprising, the steps of 
simultaneously receiving a common signal at two spaced 
points, passing a portion of the received signal received 
at each point through a common phase shifting path, 
combining each of said phase shifted signal portions with 
the remaining portion of the other received signal, and 
then comparing the amplitudes of the resulting combined 
signals to determine the phase difference therebetween. 

22. А method for determining the bearing of an object 
with respect to a given set of axes by simultaneous lobe 
comparison, comprising, the steps of propagating a signal 
to said object, simultaneously receiving the reflected 
signal from said object by a pair of spaced antennas, 
introducing the signal received by each of the antennas 
into a waveguide for each antenna, passing a portion of 
the signal in each waveguide through a common wave- 
guide of a length approximately a multiple wavelength 
of the received signal to shift the phase thereof, intro- 
ducing each phase shifted signal portion from said com- 
mon waveguide into the waveguide of the other antenna, 
and then comparing the amplitudes cf the resulting 
signals to determine the phase difference therebetween. 

23. An apparatus for simultaneous lobe comparison 
of a signal received from a remote point in space, com- 
prising, at least two spaced horns having their faces 
situated in a common plane generally transverse to the 
direction of propagation of said signal, a waveguide ar- 
rangement for causing a shift in phase of a portion of 
said signal received at each horn and for introducing the 
phase shifted signal portion into the received signal of 
the other horn, including two parallel sections and a 
transverse section joining the said parallel sections, the 
transverse section being of length greater than twice its 
longest cross-sectional dimension, each of said parallel 
Sections having a width at least equal to one-half of said 
longest cross-sectional dimension of said transverse sec- 
tion of waveguide, whereby the signals from said parallel 
sections will be caused to travel through said transverse 
section of waveguide, means for converting the resulting 
signals to intermediate frequencies, means for modulating 
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each of said converted signals, means for amplifying 
said modulated signals, means for detecting said ampli- 
fied signals, and means for comparing the amplitudes of 
said detected signals. 

24. An apparatus for simultaneous lobe comparison 
of а sigial received from a remote point in space, com- 
prising, at least two spaced horns having their faces 
situated in à common plane generally transverse to the 
direction of propagation of said signal, a waveguide ar- 
rangement for causing a shift in phase of a portion of 
the signal received at each horn and for introducing the 
phase shifted signal portion into tlie received signal of 
the other horn, including а first section оЁ waveguide 
extending from said first hori perpendicular to said com- 
mon plane, a second section of waveguide extending from 
said second horn perpendicular to said common plane, 
and a third section of waveguide extending between said 
first and second sections of waveguide at intermediate 
points in said first and second sections thereof, said third 
section of waveguide being of length greater than twice 
its longest cross-sectional dimension, each of said first 
and second waveguide sections having a width at least 
equal to one-half of said longest cross-sectional dimen- 
sion. of said third section of waveguide, whereby the 
signals from said first and second waveguide sections will 
be caused to travel through said third section of wave- 
guide, means for convertitig the resulting signals to in- 
termediate frequencies, means for modulating each of 
said converted signals, means for amplifying said mod- 
ulated signals, means for detecting said amplified signals, 
and means for comparing the amplitudes of said detected 
signals. 

25. An apparatus for simultaneous lobe comparison 
of a signal received from a remote point in space, com- 
prising, a first horn and a second horn each having its 
face situated in a common plane generally transverse to 
the direction of propagation of said signal, a waveguide 
arrangement for causing a shift in phase of a portion of 
the signal received at each horn and for introducing the 
phase shifted signal portion into the received signal of 
the other horn, including a first section of waveguide ex- 
tending from said first horn in a direction perpendicular 
to said common plane, a second section of waveguide ex- 
tending from said second horn perpendicular to said com- 
mon plane, a third section of waveguide extending be- 
tween said first and second sections intermediate of the 
ends of said first and second sections of waveguide, said 
third section of waveguide being of length greater than 
twice its longest cross-sectional dimension, each of said 
first and second waveguide sections having a width at 
least equal to one-half of said longest cross-sectional 
dimension of said third section of waveguide, whereby 
the signals from said first and second sections of wave- 

guide will be caused to travel through said third section 

of waveguide, a waveguide member entering the central 
` portion of said third section of waveguide for Фе in- 
troduction of power into the system, means for convert- 
ing the resulting signals to intermediate frequencies, 
means for modulating each of said converted signals, 
means for amplifying said modulated signals, means for 
detecting said amplified signals, and means for compar- 
ing the amplitudes of said detected signals. 

26. An apparatus for simultaneous lobe comparison 
of a signal received from a remote point in space, com- 
prising, a first horn and a second horn each having its 
face situated in a common plane generally transverse to 
the direction of propagation of said signal, a waveguide 
àrrangement for causing a shift in phase of a portion of 
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the signal received at each horn and for introducing the 
phase shifted signal portion into the received signal of 
the other horn, including a first section of waveguide 
extending from said first horn in a direction perpendic- 
ular to said common plane, a second section of wave- 
guide extending from said second horn perpendicular to 
said common plane, a third section of waveguide extend- 
ing between said first and second sections of waveguide 
intermediate of the ends thereof, said third section of 
waveguide being of length greater than twice its longest 
cross-sectional dimension, each of said first and second 
sections of waveguide having a width at least equal to 
one-half of said longest cross-sectional dimension of said 
third section of waveguide, whereby the signals from said 
first and second waveguide sections will be caused to 
travel through said third section of waveguide, an ad- 
justing means cooperating with each of said first and 
second sections of waveguide, said adjusting means com- 
prising a sliding cap member which when moved in one 
direction increases the effective length of one of said first 
and second sections of waveguide while when moved in 
an opposite direction decreases the effective length of 
the other of said first and second sections of waveguide, 
means for converting the resulting signals to intermediate 
frequencies, means for modulating each of said converted 
signals, means for amplifying said modulated signals, 
means for detecting said amplified signals, and means 
for comparing the amplitudes of said detected signals. 

27. An apparatus for simultaneous lobe comparison 
of a signal received from a remote point in space, com- 
prising, a first horn and a second horn each having its 
face situated in a common plane generally transverse to 
the direction of propagation of said signal, a waveguide 
arrangement for causing a shift in phase of a portion of 
the signal received at each horn and for introducing the 
phase shifted signal portion into the received signal of 
the other horn, including a first section of waveguide ex- 
tending from said first horn in a direction perpendicular 
to said common plane, a second section of waveguide 
extending from said second horn perpendicular to said 
common plane, a third section of waveguide extending 
between said first and second sections intermediate of 
the ends thereof, said third section of waveguide being 
of length greater than twice its longest cross-sectional 
dimension, each of said first and second waveguide sec- 
tions having a width at least equal to one-half of said 
longest cross-sectional dimension of said third section of 
waveguide, whereby the signals from said parallel sec- 
tions will be caused to travel through said third section 
of waveguide, means for introducing power into the sys- 
tem, means for converting the resulting signals to inter- 
mediate frequencies, means for modulating each of said 
converted signals, means for amplifying said modulated 
signals, means for detecting said amplified signals, and 
means for comparing the amplitudes of said detected 


signals. 
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